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be recorded in minimal time. Each form has additional space for co~ent~ or
clari?icatlon of in fc. ~atf. on. This field data form produces four carbon
copies and is weather resLstant. Coded prenurnbered adhesive stickers are
attached to each data form and are placed on all sample~ so that the state and
qlq-drangle Porn brnich the sample was taken can be identified eayily.

The following observations are generally recorded at each location site.

location - The LASL s:]ppltes subcontractors with at least two copies of all
field ❑aps. These maps are Eenerally 7.5 minute (1:24 000), 15 mjnute
( 1:62 500), hTMS topographic ( 1:250 000), or planimetric county road
maps. Each map contains a sample grid and/or premarked sample 10C:15IIXI
After sample collection, locati~w are marked on the field ❑ap. Latel.
these locations are transferred to an unrolled copy on which latitude
and longitude can be calculated.

wt:~ther - Seasonal cllrratic eonditionn may dragtlc.llly a!Yect uranium can-.—
oentrations in surfar”e wateps and, to a much lesser extent, in seaimentn
(FIx, 1956; Gnrmanov et al, 1958; Doi et al, 1975; Rose et a], 19r16).
Con3equr?ntlyB hjdrogeochemical surveys should bc completed as rap.idly as
posalble, During periods of high runoff, ncrmal uranium concentration
may bn diluted, whcrons a~t~,r a prolonged drotightt uranium r?oncent.rn-
Ll cm In runoff m[ly be increased f’or a short pcrl(,, (Peacock, 1961;
Lopat.kina, 19M).

relief - Several elemcrrrts, includln~ uranium, In both surface waters and—.—
sudlrtentn tt?nd to have relatively short dispersion patternfl it? area:{ of
h~gh rclier (Chamberlain, 19611). Furthermore, access to w~ter may bi!

difflf!ult and sedlmont. may bc! abnont Incally. Therefore, snmplr rten3~-
tle:J may have to bc ~r’tc!rcii!~fd m that adequate Covcrago can bf? f)btalnfvi
~1) arcns or hl~h rcllof.
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FIELD ?4EASUF!EWNTS

Of’ the measurements commonly recorded in reconnaissance-scale explora-
tion, the f’ollowlng are relatively easy to measure and are routinely taken by
field per30rir,ci at F!]:L localities.

fl- In general, as pH decreases, uranium content increases. However,
because uranium is soluble over such a wide range of pH (Grimhert and
Loriod, 1968), Its measurement is important to interpretation only when
extreme ‘Jalucs are encountered (Ostle and Ball, 1973).

conduztlvity - Uranium concentratjnn] in waters of a given region generally
correlate with concentrations of major c~mponents (approximated by con-
ductivity), i.e., an Incream in conductivity will usually correspond to
an increase In uranjum Cent.cnt in natural waters (Flac!)nnald, 1969; .

I)all’Agllo, 1971; Pyck, 1975).

t~,:,,pmat.ure - The tempcrat.ure of water aTFects the rate of’ chemical and
biological reactions which may inTluellne the concentrattcm or uranium
(rlx, 1956; Ost.le and 13all, 1973).

~lvalent Ilraniurn - !?clntlllnrnnter moasi’rements or “shield Inn (lend shlPlfi
ccwern sensor) and ‘shield out.” readlngn allow an equivalent uranium
value to be calclllated, which then can be uspd aq a mound truth tie t%r
airhorno ra~iinmetrlc data. A hiR!l equiv~lent vi~lu~ may be an indtcat.lnn
or mineralization or uranium and t.hnrjurn dauuht.w products (Whit.~!foarl
and Brooks, l’Nif3). I:>wever, sclr,t,lllomet,er mea:;urement~ are for tnt.al
Ramma radlat.jnn.
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SAMPLECOLLECTION

The LASL hses separate collection procedures for samples collected
either In the Rocky Mountain states or In Alaska (Sharp and Aamodt, 1979).

Uater samples. Tr, the Rocky Mountain states, abmt 5CJ ml of water are
collected in two 25-ml polyethylene vials that have been prewashed with dilute
nitric acid. Ground-wat(+r samples are collected from either wells and sprin,gs
as near the emergence source as pnssible. Holding tanks are not sampled.
Stream waters ar. collected from tk,e flowing current away from the bank. All
waters are filte.’ed through a 0.Q5-p merr?brane and acidified to pH ~1.O w~th
8 M reagent-grade nitric ac~d. All water quality measurwrnts are made with
instruments previously discussed.

In Alaska, 50 ml. of water are callected; however, due to the high purity
of the water and the high transportation costs per sample :V.ation, the timc-
consuming operation of filtrat,inn is omitted. FiP’.J measurements inelurfe
dissolved oxygen and are usually taken wi~;] water qual.it.y checkers, prev~ously
described.

Sediment samples. About 1 kg of sr!iiment is collected from at lf?:i:+t

thre~ adjacent spots :’t et.,eh location. The sediment must be water t-ansport~d
and taken below water level (if water is present) and must contain enollgh
organic-rich, fine-grained particles to fill. a 25-ml polyethylene vial. In
lake areas in Alaska, the sediment. is collected with a specially clesiKncd
ll-kgl suction- operated bottom sampler thit cm be dropped from the side of n
helicopter. The sampl~ is usually collected with a polyetnylenf! !Yconp and pll!,
into a rip-top polyethylene bag which ~3 labeled both inside and ollt,. TtIP

clOO°C and s eves the samples,subcontractor ~ries the samples at -- rrtain!nfl
only the fractior] that passes through a 100 mesh :~creen, whtch t.hf. 1.?S1. h:l::
cietermil.ed is optimum fon Identif’icntion of urcniurn (Olsen, 1977).

~ampling densitie!l. Based on extensive literature rcsearc!h or r?etm-
?l~iSSatlCf! programs in similar terrains and baaed on the results OF pilot
studies (Sharp and Aamodt, 1976; Olnon, 1!)77), the LASL selected a nominal
sample density of one locntlon per 10 km? for the Rocky Mountain st,nt,f’:1.
This sample dcnslty wan sclectrd t.o optimize recognition of uranlfero~l:!
terrafies, on a regional scale, for all phyalographic provincos In LA!;L’:;
sampling area. All sample locations in the Ro[ky Mountain st.ntn,i ~~r[’ l~rli-
selected by LASL personnnl. Surfac? siream:l nre selected to represent dl’illn-

age areas of about 10 kmp. Sites which cannot bc tv?achd in the field nrr
reselected to approximate the orig+nal dri~inage area ~:i closely as po:~vthl(s,
For sampll.ng in Alaska, a pnttern ccntalnlng 22-km;’ Rrld:l I mnrk(~d on f{cld
maps, and helicopter pl.lots select all sample Iociatlons from laken an nf~:lt’ iI:I
possible to the center of each grid square. Aln:lknn stre:lm:l aro n:~mplod (It.

twice this densjt.y or two sample locations prr 23 km:’.

SAMPLEANDDATAVERIFICATION
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After samples arrive at LASL, they are checked a. “nst the respective

cata form to make sure they are complete and properly labeled aa described.
Samples are sorted and then sent to the respective laboratcities I% analysis
(Fig. 3).

After the data fot’rln are keypufiched, the data base is computer edited by
a verification program to $nsure that all field data ale consistent. Any
samples that have inconsistent information, e.g., one sample with two sample
numbers, are removed from the d.ita base.

The LASL digitizes all sample locations from the fltld ❑aps. The digi-
tized results are generated by computer overlays to the field ❑aps (usually
1:24 000 scale). Any locations plotted incorrectly are corrected and entered
into the approrrriate data base. Zlnce a typical LASL contract area is
20 000 krn2 (with 2000 locations), ❑ore than 100 maps and overlays must be
checked in this manner for rach contract area.

ANALYTICAL PRC?GRAM

~lll~py Eie~~nt~

In searching !%r uranium deposits, the ❑ajor cl.cmcnt of interest is ob-
vlou31y uranium. But certain other elrments may form a much wider dispers.ton
halo resulting from their chemical behavior and weathering characteristics and
may act as supplemental indicators of uranium. The indicators or p~thfinder
elemnilts most commonly used in uranium exploration are molybdenum, sulphur,
1 ead, ar3enic, vana~ium, zinc, copper, nickel, and cobalt (Hawkes and Webb,
Igfip), Oth/~r elem~nt.s, su~h an RoIA, tin, and tungsten c:l~ be analyzed for
thei~ OWH worth. lliir~-(.~i’th elernnnts pro-~ide a ba:jis for in-~epth geocheml,cal
stufllc:l, par.icuiarly with respect, t.o th~ a~noc~ation of uranium with rcsl.q-
tat.r+ mlnera,n such as monnzite. In g~ncr:]l, the inure clemrnts sought, thn
more pntf?,ltial vallin thr analytical anta have. The particular element:;
SOIC?C!F.1 ror iInalyn!:t depf!nd on piiot survey~l analytical facilities, Rnd
fundi~, conntraint:~, In ad.lltlon tt) the elements lt:~ted !n Tab?n 1, LASL alm
rcpnrts molylwlorr’~m, arsml~, s~:lcnlllm, ,nnct zirnonium (by x-ray fluormccnce)
in srdiml!nr,, and vanadium (by pla~m:l-sourco emlsslon :Ipertroscopy) and arsenic
;Inl! solcniurn (by ntomls nhfiorp+lon spnrtrcmrrt,ry) In wnt,or rOr col.talrr arms,
::H requested hy thn ME. Th~ f’low schom(i for ~ilmpl~ dl~tributlon ~s shnwn in
Flq. 7.
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ag~~gned a value Of 0.01 ppb. Samples having greater than 40 ppb ara sent to
the reactor group for reanalyses by delayed neutrun counting (DNC).

Analyses are stored on u ❑agnetic tape cassette and later transferred to
the central computing i’acility. Throughput is presently 200 sampl~s per day.
T}le throughput for 19’/9 was about 40 000 analyses (Aamodt et al, 1979).

En~r gy Dispersive X-RP.y Fluorescence
An energy-di~ersive x-pay fluorescence gystem is used to determine nive

elements in sedimerlts (Tahl~ I). Two x-ray fluorescence an~lyz~rs have a
throughput of 180-200 samples Fer day including blanks and atcndards. A third
analyzm Is used for special elements (such as rcalybdenutn, arsenic, selenium,
and zircon): however, if all three analyzers were used simultaneously 27~-3@0
samples could be analyzed per working day (Morris et al, 1979).

Each ~ystem consists of an al~tomatic 2b-position sample changer, a
lithlu~l-lrl.tted silicon detector, a pulsed molybdenum transmission-target x-ray
tube, a multichannel analyzer, and a minicomputer. Sample splits are prepared
for analys~s by grinding 6 g of cmc’ sampl~l ‘.c u mtnus 32!i-mesh pokder. A CO:I’I-
puter program positions the 6-g sal.pleti in the x-ray beam, unfolds overlapping
pesks, determines peak ir.tcnsitl~s for eat? elefrrcnt, and calculates the ratio
of the intensity of each peak to that of tt.c molybclen~lm KN Corfipton peak. C[\n-

centrn;ions ct each elemon’: arc then calculated usinE cqr.mtlonn obta!nd by
~n,~lyz!.~ prepared standards. Det.ect.lon limits nre given la Table I. ThP
relative standurd deviat~on i~ lCJZ Gr less at t.hc 10C-ppm luvel and 20% or
less at the 20-ppm level. Wtalls or I.he method arl,l cqulpm(mt IXIM wc

described by hanscl ard Flurtell (19’(’/).

-1:-



saniple carrier gas lines are acl Justed and calibrated usin~ a zlm standard.
The sample ~aluLion is taken up ~rom its container, nebulizert, and Injected
into the plasma source at a rate o!’ 9.2 x 10-9 m3/s.

A plama-thel’m Inductively coupled plasma is used as the source. Af’ter
the computer determ~cea that t}le phGtomultiplier tubes have stabilized, a 15-:.
ex>oaure of the resdiant spectrum Is ❑ade on a direct-reading spectrol?raph.
Stabilization cl’ the spectrograph is achieved by maintaining ri~id cont~ol of
the gratin~ and exit sot focal curve temperature, nnd by prot’ilinu two mer-
cury rerer~,we llnes he$ween each sample analysis. Additional stability is
attained by air-conditioning the room in which the spoctroRraph ~s altuat.r?d.
The resulting signals are read dir~ctly Into a computer, and converted nut.o-
matically to KIVL the elemental concentrations. Sn addition, ber’ylllum,
sodium, and :Jilicon are monitored. Interelement eff’ects for each of’ the 15
elements mrmitored on the other elements are determineti and us,?d in correct.in~
values for t}le 12 elements r~zported. Background correctims ;ire maftp t,y
running blanks, and control samples are run regulnrly. When high (otf-scale)
r,~gults are obtajned, the computer calls for the Ins:rtion of’ a filter between
the pl lsmii source and the sp~ctrographl repeats the rearitngst and hhen con-
verts &nd stores the corrected elemental concentrations, ?)nalytical precision
for the element~ as ~etermincrl for water hy this me:hod IS =LO% nt the lowPr
dctectlon limit., Improving to =10% onr? order of magn:t{lctr nhrwe the lnwf~r
dr?tcction limit and to =S% two orders of mn~nltude above the d~t.wtinn ljmit.

Th(! throughput of this synt.em Is 1(?0 samples per q-h d:+,v for snmple:l
exclusive of standards and controls. In 197~, t,h~? throu~hput. W;)S shout 17 Onfl

snmplcs (Morris et al, 1979).
Certa,ln elemcnLs analyzmt hy p]anma-aout-cc ~missjon spcct,rw~r’:lphmy arl’

slilJJoct t.o rwtnfn r+n:llvtfcill lnt.orff~renors. For vxnmplo, l;lrRII concontr:l-
Ltnn:~ of c;llt:lum in n water s:]mpl~ may causn ntmormnl f?oni:ont,r~t,lnn Pfwlftjni :1

for Iiwlri and mnlybtirwurn rcsultclng In n Inwor procislnrr of’ lend :ITI(I molyhdnnum.
(%rlsnquontly, a dllill-~t’ilttrlpl }li~tl-rt’:lrl.illlnnl rltrect. rn;ldfnz ::l~ftt~t.rogl~ill~ll 1::
Ilndef’ Crrn:ltructlrmm Th!n In:lt,rllmnnt. will prrmlt mnnitl~rlrlfi or ?00 np~ntr:ll
llr?o:: :mt pfv~mlt. mor~’ nf?eur:lt,t~ lnt.cll*nlem/lf]tc-~r!”o(*t, corrvr! Inrl:lm

Nn\lLror]-Art,jvntlnn An~n~— -..——
The nnutron-nct,lvnf,j nrl nnnlysls (NAA) my:.l,em nt, t,ho I,A?I, r~?pr~p:lplll:~ ;I

nt,nt~-of-thn-~~l~t, nystom whlrh prndliccn prrf’lno val Im f’or urnnlum nnd 71 nlll!~r’
nlemonts In ntwljmrnt nrrmpln:i. All nnmpl~~ III*II rlul tnrolifih ono or t.wn (*nmplltm,*-
control.led pnellmatl~: n,ampl P-h: II Irll, I n~ n,y,nt. r~m:i. F%rh :ulmplr 1:1 Ir’r;llll:lt ~~d t.wll~{t
rlnil f~olinlfd ;I tntnl nr t.hroo t.lmv:l (T:IIIIP TT): onvo f’otI IIO1:IVOII nl~lltl-,)rl
~*oi:ntlnR (IJN(!) ~or uranium ,nrvl tw!ro f’or g;lmmta-.r:~y :Ip{wt,rllm rollnt :1 ror ?1 (Jt~ll*r’
f:lf!mlvlL3. I)nth !h:mplf! t.r,lnnhr nrid rtiil.il n(st~lll:llt,!nfl :Ifsv rmt Iruly nut.om:l~f’~!
(Nlln~n :lnd w,~ilv~~., l(~7[\)m

All no’.llmtmt npllt,~ (IWS~:II’rIIP:In nf’ WIIIr}I ?,-~l~tv ~n:~ly~p:l tht~ ~nmp!p)
nro mnrtc In n ‘Iclonrl rnom.’l !J,,llr-ml I“ilhbl fc!l F t.b r!l!,lt:llnorn In Whloh f.511
nnmpln IUIdIStIpnP:I Irr:utlat.lrm, mQP lIXldf’d W\t.11 npprnxlm;ll:tly ‘i ~ of H:lfrlplp,
nlthnugh r!.” lltklo nn (1.q R mny hr unmi. Therie ri~bblt,:l nrn thrn Innllt*i! Irltn n
W-nnrnplc t,ritn:~for v] ip. l’ho rpii(+t~i” pneurnnttc t.rnn::~~r nv:lt.em [In(l txlrk~rollri,t
r~dlrrt,f~,i 10VPIF% III-C ct,fv!k [d, ON1 nt,nndrrrdn nt-o run for onl!brmt.fol,. I’Iltl
trnnn~cr clip In fnntnllmi nnd t.i,o nnml~lr:t :Irl’ PYUIPII t,llf”.@i the Sy:lt.vrn.

Thv ur’,inlum ~(ltl(~~l)t.r~i}t.inli fn ~llllomnt.lfinll:~ mennlirrrt nrt.,lr “{(l :1 hy IIN(’,
[! Otl Vf’I’Ld h) pl)ml nnd f!llt.c~l’ld lnt,[l 1,1111 ftllt. il l\:~mI. Thv lllwf~r llm!t. of rtl’II*I~-
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analyzed using DNC. Sampl~s are transferred to clean raht’it.s b~!’orc being
analyzed. Each water sample Js we~ghed, then lnaded int.ci a %-samp]e transf’er
clip. The reactor pneumatic transfer system and hackgrour~ :’adiat.ion levels
are chcckcrt ~nd Four standards are r’in for cilllbrat.ion. 7he transfer cllp is
lmtalled on the pneumatie f%wf line ~nd the wmplcw are cycled throuflh the
9y9tcm. Tvpicallvt I Go-g lrrqd~aton, ~fI-s ~elay, and 60-s col,lnt cyclP is
used . Th@ neutron count. rate is automat,ica]ly m~nnurd, nonverteri to pph
uranium, and enterd dnto a computer da!~ base. The lower detect.lon llm:t for
uranium In wntx?r by DNC as uswl at the LASI, Is 0.2 pph. Tho st.nt+st.icnl Frror
of’ t,hjs met.hofi is =~f)l iIL a i~rmrllum ncinrontrnt.lon fir 1 pph, =6S at 10 pph, an(l
<47 at 40 ppb or Rroat.or. SLat.tstical t.rest.mclnts Or uranium concentrations
obt.alnrd from the samo suit.en or sampl~’s annly:’.ccl bot,h by fllinrom~try nnri P?IC
h:lvv nt?~wn that t.hcrt? in no :ll~ntrlcant. dirfcrl?ncfi l)~t.wm=n t,tm rns~l’ts of’ 190
twn ;~nalyt.lcal mmt.hods nv une,l at the IJ!SI,. Thl~ arnlvtfr?nl oomparnh~lt.v Is
r~,chc,r?kd pcr!rxi!oally.

EVAl,llATlnN (IF 1)A7’A
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elemental concentrations for both waters and sediments and a summnry of
standard LASL HSSR procedures and codes.

Standard reports also contfrin approximately 10 to iP pages of text that
includes aectlona on #eoRraphy, weather, fleoloRy, hydroloRy, goochemical
congideratlona, and known uranium occurrences in the area. Empirical ~ncl
gt.at~~ticnl evaluations are concise nnd general.ly refer to

h(wever, all analytical data me included in every report.
al, atrhrcviated type of report and inclucl.? only hi~tograms,
lf:JtinRS. All reports are made avallal:ie to the public in

or report form.

Pot.entlal Use3 of Dat,a—

uranium data only;
D~ta releases nre

ovlsrlays, and data
both magnetic tnp~

.

:VIMMAllY
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